Chronic doxorubicin cardiotoxicity is mediated by oxidative DNA damage-ATM-p53-apoptosis pathway and attenuated by pitavastatin through the inhibition of Rac1 activity.
Doxorubicin is known to have cumulative dose-dependent cardiotoxicity, and a tumor suppressor protein p53 has been implicated in the pathogenesis of doxorubicin cardiotoxicity. However, how p53 is induced by doxorubicin and mediates the cardiotoxic effects of doxorubicin remains elusive. In cultured cardiac myocytes, doxorubicin induced oxidative stress, DNA damage, ATM activation, and p53 induction. A free radical scavenger NAC attenuated all of these events, whereas an ATM kinase inhibitor wortmannin attenuated doxorubicin-induced ATM activation and p53 induction but not oxidative stress. Doxorubicin treatment in vivo also induced oxidative stress, DNA damage, ATM activation, and p53 accumulation. These observations suggest that p53 induction by doxorubicin is mediated by oxidative DNA damage-ATM pathway. Doxorubicin-induced contractile dysfunction and myocyte apoptosis in vivo were attenuated in heterozygous p53 deficient mice and cardiac-restricted Bcl-2 transgenic mice, suggesting that myocyte apoptosis plays a central role downstream of p53 in doxorubicin cardiotoxicity. We also tested whether pitavastatin exerts protective effects on doxorubicin cardiotoxicity. Pitavastatin attenuated doxorubicin-induced oxidative stress, DNA damage, ATM activation, p53 accumulation, and apoptosis in vitro. Pitavastatin also attenuated myocyte apoptosis and contractile dysfunction in vivo. The beneficial effects of pitavastatin were reversed by intermediate products of the mevalonate pathway that are required for the activation of Rac1, and Rac1 inhibitor exhibited cardioprotective effects comparable to those of pitavastatin. These data collectively suggest that doxorubicin-induced cardiotoxicity is mediated by oxidative DNA damage-ATM-p53-apoptosis pathway, and is attenuated by pitavastatin through its antioxidant effect involving Rac1 inhibition.